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SUMMARY 

Progress has been made toward the objectives of the research phase of 

this project. During the period covered by this report three balloon flights 

were mads in addition to laboratory work. 

A motor test flight to an altitude of 96,000 feet was successfully com- 

pleted on 8 April.  Performance information was telemetered during flight and 

independently recorded by instruments aloft. The performance of three air 

sampling motors tested was satisfactory for the project requirement at that 

altitude. Brush wear over an 88 minute operating period was satisfactorily 

low for motors operating in ambient air, pressurized chamber and humidified 

environment. The very low power requirement atihat altitude resulted in good 

brush performance. Detailed presentation of the data and results of this 

flight is given in section II of the report. 

A high altitude air sampling flight on 6 Kay did not result in the col- 

i; '"V 
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lection of a sample because of rupture of the 1161 balloon on ascent.    A new 

tailored tapsless balloon of 126.5 feet diameter has been designed for this 

requirement and will be flown in June to carry air sampling equipment to 

98,000 feet. 

A test flight of the new 60 feet tailored tapelesf, balloon was success- 

fully made on 25 May.    The new automatic controls for future use at 50K, 

65K,  80K and 100K were used and successfully programed the flight.    Measure- 

ments of circumferential stress on the balloon during flight were made and 

indicated that aerodynamic forces during ascent can cause definite circum- 

ferential tension in a balloon.    The magnitude of this tension was low, 

reaching a maximum of approximately 10J6 of the material strength.    Temper- 

atures of helium, polyethylene film and ambient air were telemetered in 

addition to the stress information on the experimental flight.    Data 

indicate that helium temperature during daytime ascent is generally lower 
prApCT SLUKt-l 
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than air temperature and film temperature is slightly higher than gas temp- 

erature, both effects being diminished by ht;at transfer from the balloon. 

A comparison has been made of the variables involved in operation of a 

sampling system utilizing compression and storage of air in a metal vessel 

at elevated pressure. Estimax?? of power and weight are summarized in figure 

18 of section II. This type of sampling system appears feasible and would 

have definite advantage particularily if a high rate of sampling activity was 

required. 

The status of the work is encouraging. Much information has been gained 

during this period which will advance knowledge of thb problems involved in 

high altitude air sampling. 

Work in the near future will be centered generally on the completion of 

the objectives outlined in the March report.  It will involve, specifically, 

the high altitude air sampling flight, further battery tests, improvement of 

. x» — j, stress measuring techniques and prepa-ro.t»ii'ii oi" eqaij^uout for x-ojjular flights 

for July. 
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I.  AIMS 

The aims of the research phase were outlined in the March report. They 

included inveatigation of electric motor operation at high altitude, develop- 

ment of new automatic controls, design of a new balloon, sampling at high 

altitude, measurement of temperatures curing flight, testing of battery per- 

formance and study of air sampling by compression and storage. 

In addition to these objectives, authorization has been given to in- 

vestigate stresses in balloon material during flight. This work has been 

initiated and is described in section II of this report. 

crnorT 
vL ' 

•••:<:-• A 

N"f»»»« 



SE 
II. WOFK ACCOMPLISHED 

During the period covered by this report, progress has been made toward 

all objectives. Three balloon flights were made in addition to laboraxory 

experimentation and analysis. 

A. The motor test flight was successfully completed on 8 April 1954-. 

This equipment was launched from Pierre, S. D. at 0533 CST and impacted near 

Portage, Wisconsin at 1751 CST. Figure 1 is the time-altitude curve for this 

flight, giving significant information. 

As described in the report for March, the primary objective was to obtain 

high altitude performance information on the direct current air sampling motors 

that have been used on this project. Past experience revealed that motor 

brushes were frequently badly worn after 35 minutes of operation on the 80K 

air sampling flights. Since the sampling flight to higher altitude requires 

a 55 minute operation cycle, the suitability of these motors was open to 

- 
question. 

w 

Three cotors were carried to 96,000 feet, where they operated from 

storage batteries for a period of 88 minutes. 

One motor ran in onen air with no change from previous practice. The 

3econd motor was enclosed in an aluminum housing equipped with a high speed 

shaft seal. An air storage tank with pressure regulator maintained a 

* pressurized atmosphere around the motor. The third motor was enveloped in 

an insulated bag, lined with polyethylene. Saturated sponges provided a water 

I 
vapor atmosphere around the motor. 

Information defining the performance of the motors was transmitted from 

the balloon during flight. A 40 megacycle system was used, in which an 

automatic selector switch allowed transmission of three motor speeds and one 

tempor-tur-M measurement. Since the shaft seal on the pressurized motor was 

c r r- Q c T 
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required to operate at 10,000 RPM, the temperature rise due to friction at this 

point was of value in determining the effectiveness of the unit. Figure 2 

shows the transmitter with automatic selector switch. 

Each circuit connected to the transmitter by the selector switch resulted 

in an audio frequency that was measured on the ground with a signal generator 

by observing lissajous patterns on an oscilloscope. 

On each blower was mounted a small permanent magnet which rotated direct- 

ly with the wheel. A pick-up (see figure 3) near the magnet introduced a 

signal of the same frequency as the blower motor. 

A thermistor of proper resistance characteristic produced measurable audio 

frequencies in the transmitted signal. 

Data from the telemetering are shown in Figure U*    Note that the speed 

of the pressurized motor was lowest, due to the additional frictional drag 

of the chamber shaft seal. The least variation in speed was found for the 

pressure motor. However, the speeds of all three motors were well within the 

allowable tolerance of the air sampling system requirement. 

Data from the recording film are given in Figure 5. Calibration curves 

for speed indicators are shown in Figures 6,7, snd 8. The average of the 

speed curves agree within 1^ with the telemetered information. The battery 

voltage decreased slightly over the operation period, but did not result in 

an important speed decrease. Current draw for each motor was found to agree 

with previous laboratory measurements. The absolute pressure in the motor 

chamber was maintained at 4..0 psia by the regulating valve which admitted 

air from a storage resevoir. Ambient air temperature from the bi-metallic 

thermometer attained a minimum value of -27°C. Since this is considerably 

higher than expected stratosphere temperatures, it is believed that the 

bi-metal unit was affected by solar radiation. 
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Further information was gained by inspection of the equipment of the 

recovery.    The brushes from the motors were removed and were considered in 

equally good condition. 

Because of the simplicity and light weight,  the motors running in 

ambient air were chosen for the high altitude air sampling flight.    The 

excellent performance of these motors can possibly be traced to the very low 

power requirement  (and resulting low brush current-density) at the 96,000 

foot  altitude.    Power required by the blower wheel varies directly with air 

density and is minimized at this altitude. 

B. The high altitude air sampling flight was made on 6 May.    A sample 

was not collected because the tow balloon ruptured on ascent at an altitude 

of 90,000 feet.    Figure 9 is the time-altitude curve for this flight. 

Figures 10 and 11 were taken 1 minute apart by a camera suspended below the 

balloon. 

A new balloon has been designed for this requirement.    It is a tailored 

tape less type to be made from 1.5 mil polyethylene.    Diameter is 126.5 feet 

and the volume is  735,000 cubic feet. 

The air sampling equipment will be flown on this balloon during June. 

C. A test flight of the new 60 foot tailored tapeless balloon was 

successfully completed on 25 May.    This balloon has been designed for use 

on the air sampling flights at 65flO0 feet.    Figure 12 is the time-altitude 

curve for this flight,  No.  1117.    Figure 13 is the gore pattern for the 

new balloon. 

It is to be noted that the balloon floated very near the theoretical 

ceiling which was the desired sampling level.    Descent was accomplished by 

w   _  w' 
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Figur* 10    ^iev of balloon at 90,000 feet before rupture. 
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Figure 11 Balloon and parachute desconding after failure, 
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FIGURE 13 4 April 1954 
E„  A.  Ccester 
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38 8.873r 
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71' 6,283" 
74; 3.299" 
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80' 6.487i; 

38' 9.000" 
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opening e trap door type valve in the balloon duct, as in previous project 

practice. 

Several objectives were combined on this flight - The new automatic con- 

trols for the air sampling system were flown and successfully programed the 

flight operations,, The new controls include in one unit the collection blower 

control, the transfer fan control and the radio beacon„ Figure 14 is a view 

of this unit. Figure 15 shows the new control in the center„ surrounded by the 

3 units it will replace. A departure from the ,'ormer control design is in the 

use of an electric timing motor rather than spring actuated time switches. 

Because of a redesigned commutator bar, the pressure sensitive switches 

in the new unit are universally applicable to flights at 5OK, 65K, 80K and 100K. 

Measurements of circumferential tension were also made on Flight 1117. 

The determination of circumferential force during flight is considered valuable 

in analyzing balloon design and performance. The problem of obtaining significant 

information from stress sensitive devices by remote telemetering has been great. 

The use of conventional wire strain gages was ruled out after investigation, 

because of the small change in signal resulting from the minute forces en- 

countered on the balloono 

Special stress measuring devices were built as shown in figure 16. Here a 

subminiture microswitch was mounted between two glass fiber tapes. A metal 

pressure plate on one tape actuates the switch when the tapes are subjected to 

tension. The "threshold tension" or triggering point for the unit was adjusted 

by changing the position of the clamps at either end of the force parallelogram. 

The minimum tension to close the switch was thereby adjustable from 5 oz. to 

27 oz. Each unit was individually calibrated in the laboratory. 
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These units were mounted on the balloon at two points, 15 feet and 20 feet 

from the top, in groups of 5 as shown in figure 17. They were applied to the 

balloon on equal spacing of 2£ inches, spanning a uniform slack portion, assured 

by a metal jig. Each of the five units in one area had different lengths be- 

tween the end clampa and different minimum tension for actuation. Tapes placed 

on the ends minimized end effects. 

Stress information was telemetered from the balloon by a 4.0 megacycle 

transmitter. The magnitude of the stress was determined by the audio frequency 

of the signal, measured on the ground, A frequency change was caused when each 

tension switch introduced a fixed resistor into the circuit., Since a force of 

a certain magnitude would clcse all switches of equal or smaller mimimum ten- 

sion, the resistance of the circuit, and the resulting frequency, defined the 

tension. 

The results determined from this system revealed that the balloon had no 

circumferential tension at the points of measurement when it was launched. 

The stress gages at the location 15 feet from the top indicated circumferential 

tension of 5 oz ./tape or .13 pound par inch from altitude 21K to 34K. Then 

the tension increased to 7 oz/tape or 0.18 pound/inch from 3AK to A3K. Above 

this altitude all switches relieved to less than the 5 oz. reading. The group 

of stress units placed 20 feet from the top showed no indication of tension 

above the minimum value of 6 oz./tape. 

It is believed that the forces due to aerodynamic drag caused the cir- 

cumferential tension. These forces would diminish at higher altitudes since 

they are function of air density. This could explain the reduction of the 

tension experienced in our measurements. 

I 
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Determination of temperatures were made on Flight 1117. Air, helium and 

balloon film temperatures were telemetered using the 4-0 megacycle system which 

handled the stress information. Thermistors were automatically switched into 

the circuit which resulted in an audio frequency defining temperature. The 

thermistors for measurement of helium and air temperatures were shielded by 

pasteboard cylinders. The thermistor for measurement of polyethylene was 

taped to the balloon at a point 20 feet from the top. 

The readings of these thermistors are plotted on figure 12- Valid temper- 

ature values were received only during the ascent of the balloon, since signal 

strength was low when the balloon moved away from the receiving station. The 

helium temperature was generally lower than the air temperature, due to the 

cooling by expansion. Transfer of heat kept the helium temperature within 

5°C of the air temperature. The polyethylene film temperature was generally 

warmer than the helium temperature (by as much as 8°C), although it became 

nearly 2 C cooler than the helium for a short period. 

The temperatures measured during this flight show that heat transfer 

minimized the depression of helium temperature and the related reduction of 

the ascent rate. Also, the data shov that solar radiation elevated the material 

temperature above the helium. However, the magnitude of this effect was quite 

small due to convection ^nd radiation heat transfer. 

L. Work has continued on the evaluation of a sampling system utilizing 

compression of the air and storage in a metal tank. 

Given in the March report were analyses of adiabatic compression energy 

and storage tenk requirements. Thi? work was entirely theoretical and independ- 

ent of the practical limitations involved in che proposed balloon system. 
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Below are further considerations which introduce the major limitationss 

Tank. Construction 

The equations given in our March report on tanlc stress and weight 

are based on a thin spherical tanlc: 

P_E 
S - U T 

Kfil    (30H53.3U585)        19-4 D.s.i.a.    or 
=   V    =3LUPP(1U) -" 179.3 p.s.i.g. 

6 

In determination of the tanlc thickness, the aluminum alloy 5&S0 has been 

chosen. It has a yield strength of 22,000 p.s.i. An allowable unit stress of 

11,000 p.s.i. has been assumed E">m above, 

P_E      179,3(48) 
T = 4 S = 4(11,000)  - 0.195 inches 

Where    P = internal pressure,  p.s.i.g. 
D - diameter,   inches 
T = thickness,  inches 
S = stress, p.s.i. 

W = -rrD^dm 

where D = mean diameter of the tank, inches 
T = thickness of the metal, inches 
dm = density of the metal lbs./cu.in. 
W = weight, lbs. 

Design of a tank has been made baaed on the spinning of aluminum hemi- 

spheres, to be welded to form a sphere. An internal diameter of L,Z  inches has 

been selected as a basis for calculation. Total air sample is assumed to be 

30 pounds. 

At pressures below 15 atmospheres, use of the equation of state for a 

perfect gas involves an error of less than 1%.    The required internal pressure 

based on an assumed storage temperature of 125°F is: 

o •" ^:" c r 
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This thickness is within the range normally handled in the spinning 

process. 

The tank weight, less fitting, is, 

W = TTD^-dm =7rU6.l)2(.195)(,095) 
= 134 lbs. 

This tank weight appears to be practical for use in the system under 

consideration. 

Compression 

The compression equipment for this system must be lightweight, hare 

large volumetric capacity, and increase the pressure by a very high ratio. 

These requirements euro «ot compatible with any one compressor design. 

For high compression ratios the multistage reciprocating compressor is 

most suitable, but has very low volumetric capacity. Centrifugal machines are 

capable of high capacity for small machines, but are quite limited as to the 

maximum pressure ratio. The positive displacement rotary pump has characteristics 

between the other types. Relatively high displacement can be had with moderate 

pressure differentials. 

Figure 18 shows a comparison of the variables at the altitudes of present 

sampling. 

The 80,000 foot level requires a compressor capacity of 60.4 c.f.m. in order 

to collect a 30 pound sample in 3 hours. 

The Kidde compressor which has been used at lower altitudes, with a capacity 

of 4.0 c.f.m., would require 45 hours of operation. However, combination of this 

compressor with positive displacement rotary types appears to be practical. 
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The suggested flow diagrams shown in figure 18 are based on estimated 

performance of Pesco aircraft vacuum pumps. The required energy listed is 

baaed on extrapolation of performance figures for the machines involved. 

The total payload weight estimates of 371-479 pounds given in figure 

18 indicate that this system is definitely feasible but would require some- 

what larger balloons than are now used at these altitudes. 
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III.    STATUS 
SECRET 

With the completion of the work described in section II „ considerable 

information has been accumulated which can contribute to air sampling work. 

The motor performance data gathered open new possibilities in very high 

altitude sampling work. The motor brush problems have been shown to diminish 

rather than increase with altitude for the particular demands of this project. 

The stress measurensnt work has confirmed the belief that severe circum- 

ferential tensions do not normally exist in the natural shape balloons. The 

measurement of circumferential stresses of the magnitude detected brings tc 

view the possible detrimental effects of high rate of rise and the accompany- 

ing aerodynamic forces. 

Successful operation of new automatic controls brings a greater degree 

of interchengeability which should prove valuable in carrying out the sampling 

work in the future, 

Ths feasibility of an air sampliii^ system b*««d on compression and tank 

storage has been supported by analysis and investigation of available com- 

ponents. A system of greater adaptability could be developed from this pre- 

liminary work . 
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IV.    FUTURE Wpj& 

The high altitude sampling flight is the effort, of first importance for 

the month of June. The sampling equipment to be used is as described previous- 

ly with the exception of the 126.5 foot tailored tapeless balloon. 

The improvement of the stress measuring technique to permit a greater 

number of measurements will be valuable. Determination of meridional tension 

in addition to circumferential tension will present a more complete 

picture of the forces acting on the balloon material.  A test of the 6O.9 

foot tapeless balloon at a high rate of ascent will be made with stress measure- 

ments to be telemetered during flight. 

The battery performance testing will be continued in order that the most 

suitable units will be available for regular air sampling flights during the 

July-October period. 
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